Abstract-Proxy Mobile IPv6 (PMIPv6) is a network-based mobility management protocol and it does not require mobile node's involving in mobility management. In PMIPv6, the Mobile Access Gateway (MAG) incurs a high signaling cost to update the location of a mobile node to the remote Local Mobility Anchor (LMA) if it moves frequently. It may cause excessive signaling traffic and increase a high traffic load on LMA. Therefore, we propose a new mobility management scheme in proxy mobile IPv6 networks with dynamic paging support. To minimize signaling overhead, in our proposal, an idle mobile node does not register when moving within a paging area. Moreover, the size of the paging area is determined dynamically according the changes of mobility and traffic patterns of the mobile node. An analytic model is applied to determine the optimal size of the paging area. The cost analysis using fluid flow model presented in this paper shows that our proposal can achieve performance superior that of PMIPv6 scheme.
I. INTRODUCTION
With the rapid growth of the Internet as well as the increasing demand for mobile services, mobile users desire the ability to access their personal files or the Web through their laptop or PDA at any time and in any location. In order to communicate, all mobile devices must be configured with an IP address in accordance with the IP protocol and its addressing scheme. The problem occurs when a user roams away from its home network and is no longer reachable using normal IP routing. This results in the active sessions of the device being terminated. A natural solution is to use IP layer mobility. Mobile IPv6 (MIPv6) [1] is the IETF proposed standard solution for handling terminal mobility among IP subnets. It allows an Mobile Node (MN) to roam freely on the Internet while still maintaining the same IP address. However, MIPv6 requires additional stacks and signaling for the MN. This could bring overhead such as battery power and computation resource consumption.
Network based mobility support mechanism is another approach to solve the problems and support the IP mobility. It is called Proxy Mobile IPv6 (PMIPv6) [2] and is based on MIPv6. PMIPv6 enables IP mobility for a host without requiring its participation in any mobility-related signaling as shown in Fig. 1 . There are two main components for the PMIPv6, a Local Mobility Anchor(LMA) and a Mobile Access Gateway (MAG). The LMA performs Home Agent(HA) roles, as defined in MIPv6, for the MN in the PMIPv6 domain. The LMA is the topological anchor point for the MN's Home Network Prefix(HNP) and it maintains MN's binding state. The MAG performs mobility related signaling to the LMA for the MN and tracks the MN's movements. When an MN enters a PMIPv6 domain and attaches to an access link, the MAG retrieves the MN's profile using its current identifier. Then, the MAG will send a Proxy Binding Update(PBU) message to the LMA in order to register the current point of attachment of the MN. Accordingly, a Binding Cache Entry(BCE) and a tunnel for the MN's HNP will be created. Then, the LMA sends a Proxy Binding Acknowledgement(PBA) message with the MN's HNP. After receiving the Router Advertise(RA) message, the MN creates its IP address. For packet routing, the LMA will route all received packets over the established tunnel to the MAG. The MAG forwards these packets to the MN. Certainly, the MAG will relay all the received packets over the tunnel to the LMA and then they will be routed towards the CN.
Even with PMIPv6, however, the remote LMA signaling problem still remains unsolved. If an MN moves frequently within the PMIPv6 domain, the MAG incurs a high signaling cost to update the location of an MN to the LMA which is far away from the MAG even though the MN does not communicate with other CNs. This increases network overhead on the LMA, wastes network resources, and lengthens the delay time. This problem becomes worse with the large size of the PMIPv6 domain. To solve these problems, several IP paging schemes [3] , [4] , [5] have been proposed to reduce signaling costs for location updates in Mobile IPv4. Paging techniques can be used to minimize the signaling overhead and optimize the mobility management performance. However, existing IP paging schemes do not consider the PMIPv6 scheme which is a network-based mobility management protocol without any modifications to the host's TCP/IP protocol stack. In [5] , J-H Lee et al. proposed the paging technologies in PMIPv6 but a fixed area size is assumed for all MNs. This problem becomes worse with the large size of the PMIPv6 domain. Therefore, in this paper, we propose a new mobility management scheme in proxy mobile IPv6 networks with dynamic paging support. To minimize signaling overhead, in our proposal, an idle MN does not register when moving within a paging area. Moreover, the size of the paging area is determined dynamically according the changes of mobility and traffic patterns of the MN. An analytic model is applied to determine the optimal size of the paging area. The cost analysis using fluid flow model presented in this paper shows that our proposal can achieve performance superior that of PMIPv6 scheme.
The rest of the paper is organized as follows. Modelling and system description are presented in Section 2. Section 3 describes the proposed protocol of location update and packet delivery. Section 4 shows the evaluation of the proposed system's performance and analysis of results. Finally, our conclusions are presented in Section 5.
II. SYSTEM DESCRIPTION In our proposal, as shown in Fig. 2 , the PMIPv6 domain can be organized into one or several paging areas according the changes of mobility and traffic patterns of the MN. The LMA is in charge of the paging process for that paging area. We assume that each LMA has additional fields of binding cache entry for the MN, such as the MN's operational mode bit, the average session arrival rate λ s , and the average subnet residence time 1/λ m . An MN's operational mode bit indicates whether the MN is in idle mode or active mode. As shown in Fig. 3 , we assume that each MN is allowed to enter a power saving idle mode when it is inactive for a period of time as same to [3] , [4] , [5] .
When an MN is in idle mode, it does not need to register its location when moving within the same paging area. Whenever the MN sends or receives data, it returns to active mode and its active timer is reset. The aim of defining the idle mode is to reduce the MN's battery power consumption and decrease signaling loads on the network for tracking the MN by allowing the MN to only notify the network when it moves In our proposal, we assume that the LMA maintains the session-to-mobility ratio (SMR) for each MN that it is serving, where the SMR is defined as the ratio of the session arrival rate to the mobility rate (i.e. SMR = λs λm [9] ). Using the SMR information, the LMA derives its optimal paging area size for the MN in a manner that we shall explain in Section 5. We assume that each LMA always knows the network topology and exact location of an MAG. When an MN is in active mode, it operates in exactly the same manner as the existing PMIPv6 scheme. However, if the active timer expires and the MN does not send or receive data, the MN enters an idle mode. Whenever an MN enters an idle mode within the same MAP domain, as shown in Fig. 5 , it performs the following operations:
• The MAG sends a PBU message to the LMA with "D" flag set.
• Then, the LMA changes the operational mode in its binding cache for the MN to idle mode.
• The LMA computes the optimal paging size area, N p , of the idle MN. The algorithm for deriving the optimal value N p will be described in the Section 4 • Based on the value of N p , the LMA stores the IP addresses of candidate MAGs for the paging area.
• The LMA sends a message to the AAA server with the list of candidate MAGs for the paging area. An idle MN does not has to register if they move within the same paging area in PMIPv6 networks. Whenever the idle MN communicates with the CN or moves out of the paging area, it perform a normal registration with the LMA by sending a PBU message with "D" flag unset. Then, the LMA changes the operational mode in its binding cache for the MN to active mode.
B. Packet delivery Procedure
When a CN sends packets to the idle MN, as shown in 
IV. PERFORMANCE EVALUATION

A. Cost Functions
In this section, we develop an analytic model to derive the cost functions and compare the performance of the proposed scheme called DP-PMIPv6 with PMIPv6 and SP-PMIPv6 [5] schemes. It is well known that there is a tradeoff between costs of location update and paging in cellular networks. To analyze the performance of the DP-PMIPv6 scheme, therefore, the total signaling cost including cost of location update and paging is considered as the performance metric. We define the costs and parameters used for the performance evaluation of location update and paging costs as follows:
• l : The subnet area boundary is of length.
• v : The average speed of MNs.
• δ U : The proportionality constant for location update.
• δ T : The proportionality constant for tunnelling overhead.
• λ s : The average session arrival rate for each MN.
• λ m : The average mobility rate for each MN.
• σ : The ratio of active time to idle time of the MN.
• T α : The transmission cost of location update between the MAG and the AAA server.
• T β : The transmission cost of location update between the MAG and the LMA.
• R r : The average registration refresh rate.
1) Analysis of Signaling Cost in PMIPv6:
In the fluid flow model, the average speed of MNs is v and the direction of an MN's movement in a subnet or MAP domain is uniformly distributed in [0, 2π]. Assuming the MNs are uniformly populated with a density of ρ and the subnet area boundary is of length l. In our proposal, subnets are modelled as identical hexagons, therefore, the subnet crossing rate is derived as follows:
The area of a subnet, A s , is as follows:
We denote T α and T β as the transmission cost of location update between the MAG and the AAA server and between the MAG and the LMA, respectively. Also, we denote δ T as the processing cost for tunnelling overhead. Finally, we denote the probability that there are K subnet boundary crossing between two packet arrival by α(K). The probability density of subnet residence time has the Laplace-Stieltjes transform f * m (s) and mean 1 λm . The packet arrival to each MN is a Poisson process with rate λ s . Based on these parameters, the expression of α(K) as derived in [7] is
where θ = 
Let N s be the number of subnet crossings per packet arrival. From Eq.(3) and Eq.(4), we can get N s as follows:
Let N T (R) be the total number of subnets in an MAP domain with R ring as shown in Fig. 7 . We consider the worse case scenario that an idle MN moves forward straightly without the change of moving directions within an MAP domain. For example, the MN on a highway usually moves along a straight line. In that case, it is possible to say that the MN moves from one subnet to another with maximum R steps. Therefore, the paging area of the idle MN is the area within a distance R from the subnet where the current location of the idle MN. In our proposal, paging area is modelled as identical hexagons, therefore, we get the number of subnets considered in a paging area, N p , as follows:
Also, we get the paging area crossing rate, R p is derived as follows: 
From Eq.(1) -Eq. (7), we can get the total signaling cost in PMIPv6 as follows:
In Eq.(8), the first term in square brackets is the location update cost from an MN due to mobility and second term in square brackets is the location update cost from an MN due to registration refresh.
2) Analysis of Signaling Costs in SP-PMIPv6 and DPPMIPv6:
In SP-PMIPv6 and DP-PMIPv6 schemes, when an MN is in active mode, it operates in the same manner as in PMIPv6 scheme. However, if an MN is in idle mode, it does not register when moving within a paging area. Thus, we can get the average total signaling cost in DP-PMIPv6 as follows:
From Eq. (8), we can get the total signaling cost in DPPMIPv6 as follows:
In Eq.(9), the first term in square brackets is the location update cost from an idle MN due to mobility and second term in square brackets is location update cost from an active MN. Moreover, the third term in square brackets is the location update cost from an MN due to registration refresh and the last term in square brackets represents the location update cost caused by incoming and outgoing data to and from the idle MNs. Finally, the last term out of square brackets represents the signaling cost of paging. Since the paging area is modelled as identical hexagons, the paging area boundary crossing rate in [5] , R p , can be rewritten from Eq. (7) as follows:
From Eq. (9), we can get the total signaling cost in SPPMIPv6 as follows: In this section, we will demonstrate some numerical results. Table I shows some of the parameters used in our performance analysis that are discussed in [4] , [5] , [6] , [7] . Similar to performance analysis in PCS networks [8] , we define the SM R as the ratio of the packet arrival rate to the mobility rate ( i.e. SM R = λs λm ). For simplicity, we assume that the distance between mobility agents is fixed and have the same number of hops. Fig. 8 shows the effect of the λ s on the total signaling cost for R = 10, v = 80, V m = 10, and σ = 0.05. We increase λ s from 1.1 to 1.2 whereas λ m is set to 50. Also, Fig. 9 shows the effect of the λ s on the total signaling cost for R = 10, v = 80, V m = 100, and σ = 0.05. We increase λ s from 0.1 to 1 whereas λ m is set to 10. We can see that the performance of the DP-PMIPv6, on the whole, results in the lowest total signaling cost compared with PMIPv6 and SP-PMIPv6 schemes. For small values of SM R, the performance of the DP-PMIPv6 is better than those of the PMIPv6 and SP-PMIPv6. This is because when SM R is small, the location update cost is high, which generates high signaling cost in the PMIPv6. However, signaling overhead is not incurred in DP-PMIPv6 and SP-PMIPv6 when the MN is in idle mode. Moreover, the size of the paging area is determined dynamically in DP-PMIPv6 scheme. Fig. 10 shows the ratio of active time to idle time of the MN, σ, on the total signaling cost for R = 10, λ m = 10, λ s = 0.5, V m = 100, and v = 80. As shown in Fig. 10 , the total signaling cost increases as the σ increases. We can see that the performance of the DP-PMIPv6, for small values of σ, results in the lowest total signaling cost compared with PMIPv6 and SP-MIPv6 schemes. This is because the ratio of active time to idle time of the MN, σ, is increased, which causes higher number of active MNs in a subnet area and more registration signaling in SP-PMIPv6 and DP-PMIPv6 schemes. Fig. 11 shows the effect of v on the total signaling cost for R = 10, λ m = 10, λ s = 0.1, σ = 0.05, and V m = 100. As shown in Fig. 11 , the total signaling cost increases as the v increases. For large values of v, we can see that DP-PMIPv6 results in the lowest total cost compared with PMIPv6 and SP-PMIPv6. From the above analysis of the results, the DPPMIPv6 scheme has a considerable performance advantages over PMIPv6 and SP-PMIPv6 schemes. So, we conclude that the DP-PMIPv6 achieves significant performance improvements by using the dynamic paging scheme based on the changes of mobility and traffic patterns of the MN.
B. Numerical Results
V. CONCLUSIONS PMIPv6 is a network-based mobility management protocol and it does not require MN's involving in mobility management. In PMIPv6, however, the MAG incurs a high signaling cost to update the location of a MN to the remote LMA if it moves frequently. It may cause excessive signaling traffic and increase a high traffic load on LMA. Therefore, we propose a new mobility management scheme in PMIPv6 networks with dynamic paging support. To minimize signaling overhead, in our proposal, idle MNs do not register when moving within a same paging area in PMIPv6 networks. Moreover, the size of the paging area is determined dynamically based on the MN's movement and calling patterns. Analytical results using the fluid flow model shows that our proposal can have superior performance to the PMIPv6 and SP-PMIPv6 when the packet arrival rate to mobility ratio is low.
